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We evaluate the Barr-Zee type two-loop level contribution to the fermion electric and chromo-
electric dipole moments with sfermion loop in R-parity violating supersymmetric models. It is found
that the Barr-Zee type fermion dipole moment with sfermion loop acts destructively to the currently
known fermion loop contribution, and that it has small effect when the mass of squarks or charged
sleptons in the loop is larger than or comparable to that of the sneutrinos, but cannot be neglected
if the sneutrinos are much heavier than loop sfermions.
PACS numbers: 12.60.Jv, 11.30.Er, 13.40.Em, 14.80.Ly
The supersymmetric extension of the standard model
is one of the favored candidates of new physics. It has
many advantages which resolve theoretical and observa-
tional problems of the standard model (SM), and has
been exhaustively studied over decades [1]. The super-
symmetric SM allows also baryon number or lepton num-
ber violating interactions, known as the R-parity violat-
ing (RPV) interactions. The RPV effects have also been
constrained from the analysis of various phenomena [2].
In searching for new physics beyond the SM, the elec-
tric dipole moment (EDM) plays a very important role.
The EDM is an observable sensitive to the P and CP
violations of the underlying theory, and provides excel-
lent information about the new physics for many reasons.
First, it can be measured in many systems and many ac-
curate experimental data are available [3]. Second, it has
a very small SM contribution [4], so that any observation
of finite EDM will be a direct indication of new physics.
Finally, the EDM is sensitive to many new physics, in
particular the supersymmetry, and many supersymmet-
ric models with [5–8] and without [9–16] the conservation
of R-parity have been studied.
In the RPV supersymmetric model with trilinear RPV
interactions, it has been found that the fermion (quark or
lepton) EDM does not receive any one-loop level contri-
bution [10], and the two-loop level contribution has been
analyzed in detail to give the Barr-Zee type diagram [17]
with fermion loops as the leading contribution [12, 15].
In previous works however, Barr-Zee type process with
sfermion loops has not been considered so far, although
it involves the same set of coupling constants. In this
paper we will evaluate the Barr-Zee type diagrams with
sfermion loop generated by RPV interactions to clarify
the relative size between the currently known fermion
loop contribution. It is actually found that the sfermion
loop effect acts destructively to the fermion loop one, and
that it can be significant in some situation.
The RPV interactions are generated by the following
superpotential:
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1
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In the first line are written RPV terms, and in the last
two lines the standard R-parity conserving Higgs-matter
interactions. Indices i, j, k = 1, 2, 3 indicate the genera-
tion, and a, b = 1, 2 the SU(2)L indices. L and E
c denote
the lepton doublet and singlet left-chiral superfields. Q,
U c and Dc denote respectively the quark doublet, up
quark singlet and down quark singlet left-chiral super-
fields. The Higgs fields are denoted by Hu and Hd. The
RPV baryon number violating interactions are irrelevant
in this analysis since they do not contribute to the Barr-
Zee type diagrams, and are not included in our current
analysis. Also the bilinear RPV interactions were not
considered.
The lagrangian is derived with the following formula:
L = −
1
2
∑
i,j
ψ¯i
∂2W
∂φi∂φj
ψj + h.c.−
∑
i
∣∣∣∣∂W∂φi
∣∣∣∣
2
. (2)
We then obtain the following RPV lagrangian:
LR/ = −
1
2
λijk
[
ν˜ie¯kPLej + e˜Lj e¯kPLνi + e˜
†
Rkν¯
c
iPLej − (i↔ j)
]
+ (h.c.)
−λ′ijk
[
ν˜id¯kPLdj + d˜Lj d¯kPLνi + d˜
†
Rk ν¯
c
iPLdj − e˜Lid¯kPLuj − u˜Lj d¯kPLei − d˜
†
Rke¯
c
iPLuj
]
+ (h.c.)
−
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λijk
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(mej ν˜i e˜Rj −mei ν˜j e˜Ri) e˜
†
Rk +mek(ν˜i e˜Lj − ν˜j e˜Li) e˜
†
Lk
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−λ′ijk
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Rkd˜Rj +mdk(ν˜i d˜Lj − e˜Li u˜Lj) d˜
†
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]
+ (h.c.) , (3)
2where PL ≡
1
2 (1 − γ5). These RPV interactions are all
lepton number violating interactions. The first two lines
give the well-known RPV Yukawa type interactions. The
last two lines are scalar three point interactions which
were generated by combining the RPV superpotential
and the standard Higgs-matter superpotential of the R-
parity conserving sector.
The EDM of fermion F is defined as follows:
LEDM = −i
dF
2
ψ¯γ5σµνψF
µν , (4)
and the chromo-EDM of quark q as
LcEDM = −i
dcq
2
gsψ¯γ5σµνtaψG
µν
a , (5)
where Fµν and Gµνa are respectively the electromagnetic
and gluon field strengths. The RPV lagrangian (3) gener-
ates Barr-Zee type two-loop fermion EDM (and chromo-
EDM) with sfermion loop as shown in Fig. 1.
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FIG. 1. Example of Barr-Zee type two-loop contributions to
the fermion EDM with sfermion loop in R-parity violation.
The evaluation of the diagrams works as done in pre-
vious papers [6, 12, 15, 17]. We first give the gauge in-
variant amplitude for the inner sfermion loop effective
ν˜γγ vertex, and then attach it to the external fermion
line. The one-loop ν˜γγ contribution of interest is shown
in Fig. 2. It is given as
iM(a)+(b) =
∑
f˜j=f˜Lj ,f˜Rj
2λˆijjncmfj (Qfe)
2ǫ∗µ(q1)ǫ
∗
ν(q2)
∫
d4k
(2π)4
(2kµ + qµ1 )(2k
ν − qν2 )[
(k + q1)2 −m2f˜j
] [
k2 −m2
f˜j
] [
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]
=
∑
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∗
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×
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, (6)
iM(c) =
∑
f˜j=f˜Lj ,f˜Rj
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ν(q2)
∫
d4k
(2π)4
gµν[
(k + q1 + q2)2 −m2f˜j
] [
k2 −m2
f˜j
]
=
∑
f˜j=f˜Lj ,f˜Rj
λˆijjncmfj (Qfe)
2ǫ∗µ(q1)ǫ
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)}
gµν , (7)
where diagrams (a) and (b) in Fig. 2 were taken to-
gether. Indices i and j denote the flavor of exchanged
sneutrino ν˜ and loop sfermion f˜ , respectively. λˆ is the
RPV coupling, λˆ = λ when the charged slepton runs in
the loop, and λˆ = λ′ in the case of down-type squark.
The color number nc = 1 (nc = 3 ) if f˜j is a slepton
(squark). mf˜j and Qf are the mass and the charge in
unit of e of the loop sfermion, respectively. Note that
in the above equations, there is also a factor of fermion
mass mfj which issues from the RPV scalar three-point
interactions. The above amplitudes are each divergent,
and were treated using dimensional regularization. The
divergence is given by the terms 2ǫ − γ + log(4π), with ǫ
the small shift of the space-time dimension from 4. We
see from the above equations that the divergence cancels
in the total contribution iM(a)+(b)+ iM(c), which is one
of the consequence of the gauge invariance.
The total sfermion loop Barr-Zee type contribution can
be further expanded in terms of the external momentum
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FIG. 2. One-loop diagrams contributing to the effective ν˜γγ
vertex generated by RPV interactions.
q2. Taking up to the first order in q2, we obtain
iMν˜γγ ≈
∑
f˜j=f˜Lj ,f˜Rj
i
(4π)2
λˆijjncmfj (Qfe)
2ǫ∗µ(q1)ǫ
∗
ν(q2)
· ((q1 · q2)g
µν
− qµ2 q
ν
1 )
∫ 1
0
dx
2x(1− x)
x(1− x)q21 −m
2
f˜j
.
(8)
The above manipulation is suitable, since the EDM is the
first order coefficient of the multipole expansion.
Now that we have the effective ν˜γγ vertex, the remain-
ing part of the computation goes exactly like that of the
Barr-Zee type EDM with fermion loop [15]. We insert
the effective ν˜γγ vertex into the whole Barr-Zee type di-
agram. Then we end up with
iM
(1)
BZ = −
1
2(4π)2
∑
f˜j=f˜Lj ,f˜Rj
λˆijj λ˜
∗
ikkncmfjQF e(Qfe)
2ǫ∗ν(q)
×
∫
d4k
(2π)4
u¯(p− q)γµ(p/ − q/ − k/ +mFk)γ5u(p) · ((q · k)g
µν − qµkν)
k2
[
(p− q − k)2 −m2Fk
] [
(k + q)2 −m2ν˜i
] ∫ 1
0
dx
2x(1− x)
x(1 − x)k2 −m2
f˜j
≈ −
∑
f˜j=f˜Lj ,f˜Rj
λˆijj λ˜
∗
ikk
αem
2(4π)3
ncQFQ
2
fe
mfj
m2ν˜i
F (τf˜j ) ǫ
∗
ν(q)u¯σ
µνqµγ5u , (9)
where λ˜ = λ for lepton EDM contribution and λ˜ = λ′
for quark EDM contribution, and τf˜j ≡ m
2
f˜j
/m2ν˜i . The
function F (τ) is defined as
F (τ) ≡ −
∫ 1
0
dx
x(1 − x)
x(1 − x) − τ
log
(
x(1 − x)
τ
)
. (10)
The shape of the function F (τ) is depicted in Fig. 3. For
small τ , we have F (τ) ≈ 2 + log τ .
To complete the calculation of the Barr-Zee type EDM
with sfermion loop, we also have to add diagrams with
sneutrino flow inverted and contributions with propaga-
tors of exchanged bosons (sneutrino and photon) twisted,
and take their imaginary part. The final result for the
EDM is given by
dsfermionFk = −
∑
f˜j=f˜Lj ,f˜Rj
Im(λˆijj λ˜
∗
ikk)
×
αemncQFQ
2
fe
32π3
mfj
m2ν˜i
F
(
τf˜j
)
. (11)
We show also the result for the chromo-EDM:
dc;sfermionqk = −
∑
q˜j=q˜Lj ,q˜Rj
Im(λ′ijjλ
′∗
ikk)
αs
64π3
mqj
m2ν˜i
F
(
τq˜j
)
.
(12)
Let us recall that the Barr-Zee type EDM with fermion
loop generated by RPV interactions is given by [15]
dfermionFk = Im(λˆijj λ˜
∗
ikk)
αemncQ
2
fQF e
16π3
mfj
m2ν˜i
F (τfj ), (13)
where τfj ≡
m2fj
m2
ν˜i
. We see that the Barr-Zee type EDM
with sfermion loop generated by R-parity violation has a
close form compared with that with fermion loop. Both
involve the same coupling constants, and even the coef-
ficients are the same if f˜Lj and f˜Rj provide equal contri-
bution.
The difference is given by the overall sign and the loop
integral F (τ). The opposite sign between fermion and
sfermion loop contribution can be explained by the mi-
nus sign due to the inner fermion loop of the effective
ν˜γγ vertex. This means that the Barr-Zee type RPV
EDMwith sfermion loop acts destructively to the fermion
loop process. This result is consistent with the analy-
ses of the one-loop level decay of the Higgs boson into
two gauge bosons (photons or gluons), where we also en-
counter the interference of fermion and sfermion loops
[18] (in these analyses, only Higgs-matter interactions
are involved, but the generation of Yukawa and scalar
three-point interactions from the superpotential goes in
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FIG. 3. The function −F (τ ) plotted in function of τ . It is a
monotonically decreasing function in τ . For small τ , F (τ ) ≈
2 + log(τ ).
the same manner as for the RPV interactions).
To compare the relative size between fermion and
sfermion loop contributions, we have just to see the dif-
ference between F
(
τfj
)
and F
(
τf˜j
)
. For sparticle masses
mSUSY = 1 TeV, F
(
τfj
)
is around −10 for fermion loop
process. If we assume that mf˜j ≈ mν˜i , i.e. τf˜j ≈ 1, we
obtain F
(
τf˜j
)
≈ −0.34 (see Fig. 3), so sfermion loop
diagrams can be neglected. The situation changes how-
ever when the sneutrino mass mν˜i is more than 10 times
heavier than the loop sfermion mass mf˜j (τf˜j < 10
−2),
where −F (τ) can exceed 3, so that the total RPV Barr-
Zee type contribution can be significantly suppressed. If
we take the sum of fermion and sfermion loop processes,
we obtain
df+f˜Fk ≈ Im(λˆijj λ˜
∗
ikk)
αemncQ
2
fQF e
16π3
mfj
m2ν˜i
log
m2fj
m2
f˜j
, (14)
for m2fj << m
2
f˜j
<< m2ν˜i , where we have assumed that
f˜Lj and f˜Rj provide equal contribution. We see that it is
not possible to cancel completely the RPV Barr-Zee type
EDM, as m2fj << m
2
f˜j
, which is known from the current
lower limit on sparticle masses [19], and the fermion loop
contribution keeps the largest part.
In conclusion, we have found and analyzed the RPV su-
persymmetric contribution to the Barr-Zee type two-loop
diagrams with sfermion loops. Our result says that the
sfermion loop contribution interferes destructively with
the known fermion loop RPV Barr-Zee type effect. The
former can be neglected if all sparticle masses are taken
at the same order of magnitude, but can be significant
when the sneutrino is much heavier than the sfermion in
the loop, and consequently the suppression of the total
RPV two-loop level EDM can occur. It is however not
possible to completely cancel the RPV contribution to
the EDM with the fermion and sfermion loop diagrams,
the latter being smaller than the former.
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